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本研究调查与采样共分三个批次：2008 年 10 月至 2009 年 9 月，逐月在广西北海以及按
季节在广东江洪、海南八所和三亚等北部湾主要渔港进行一周年渔获物采样；2010 年 2 月 20
日~3 月 1 日，随广西北海“桂北渔 63021”拖网渔船出海现场采样；于 2010 年 8 月、11 月与 2011
年 2 月、5 月（夏、秋、冬、春四季），连续四个季度租用广西北海海洋渔业总公司的“北渔 60011”
（主机功率 514.5kw，总吨 253t）拖网渔船出海进行独立站点的底拖网现场调查采样。 
研究结果如下： 






春季至冬季的平均资源密度依次为 8.72 kg/km²、13.93 kg/km²、9.82kg/km²和 5.90 kg/km²。对
表层水温、盐度和浮游生物密度等环境因子的遥感数据分析表明：表层水温对资源分布的影响
最大，相关系数达 0.972，与其余两种参数不呈线性相关。本研究中长肋日月贝的 δ15N 值在季
节上存在差异，夏季的 δ15N 值为 11.026‰，不同站位的同位素值差异范围在 0.065-0.243 之间；
而秋季测定出来的 δ15N 值为 9.149‰，彼此站位间的值相差范围为 0.731-1.618，夏、秋 δ15N
值相差了 1.877‰，而各季节的 δ15N 平均值为 10.087‰，营养级定为 2.0。 

















可鉴定出的饵料鱼类有 24 种，其中优势饵料生物为犀鳕属（Bregmaceros sp.）、小公鱼属
（Thryssa sp.）、小沙丁鱼属（Sardinella sp.）和圆鲹属（Decapterus sp.）等。宝刀鱼摄食强度
和饱满指数的月份差异十分显著, 而以 Brillouin 指数表征的各月份营养多样性则无显著差异。




可划分为 380mm 以下、381-530mm 以及 531mm 以上 3 个不同食性叉长组。以 δ15N 计算所得
宝刀鱼各叉长组的平均营养级为 3.4。 










样品预处理 δ13C 差异不显著，而 δ15N 则差异极显著。碳、氮稳定同位素技术研究鱼类食性及
营养级具有广泛应用前景，但应注意与传统胃含物分析法相结合、选定在研究海域常年存在且
食性较简单基线生物、注意鱼类食性转换及营养级随长度变化研究存在不确定性等关键问题。 






















（5）2010 年 8 月至 2011 年 5 月，对北部湾主要作业海域的中国枪乌贼逐季采样共 2179
尾，测定了其生物学特性，并分析了中国枪乌贼的渔业资源时空分布。结果表明，调查期间中






















































































   As one of the most important fishing grounds of China, the Beibu Gulf locates in the northwest of the South 
China Sea and is owned by both China and Vietnam. Human activities especially marine fishing enhance greater 
and thus directly affect the fish trophic level, food web and biodiversity. Therefore it is necessary to combine 
stable isotope analysis and stomach content analysis to study the trophic structure and its spatial-temporal 
variation of the gulf marine fish food web. Response of fish food web to human activities such as marine fishing 
is also essential to the sustainable utilization of fisheries resources and reasonable fishing policy legislation. This 
research is meaningful to both science and society.  
(1) Through the commercial fishing independent trawlers catch sampling, a total of 794 individuals of Asian 
moon scallop, Amusiu pleuronectes were collected quarterly from August 2010 to May 2011 in the Beibu Gulf, 
South China Sea. By biological measurement and resource statistics, the relationship of modality parameters and 
weight parameters, and the growth and the resource distribution were studied. Results showed that the partial 
correlation effects of four modality parameters on body weights and adductor weights were as follow in sequence: 
shell lengths > shell widths > shell heights > hinge ling lengths. Shell lengths, shell widths and shell heights are 
the most important parameters. Moreover, the mollusk and adductor muscle accounted for almost half of the total 
body weight and mollusk weight respectively. In summer，the mainly growth was the shell. In spring, the mainly 
growth was the mollusk part. The resource mainly distributed in the areas of 20°15′N~21°15′N, 108°~109°′E, 
with the water depth ranging from 20m to 50m and the bottom covered with mud and sand. The spatial 
distribution showed distinct regularity character. It progressively increased from the south to the north at the 
latitude, and increased firstly and then decreases from west to east at the longitude. Seasonal variations were also 
recorded with the peak of summer and the value from spring to winter was 8.72 kg/km², 13.93 kg/km², 
9.82kg/km² and 5.90 kg/km² respectively. Statistics demonstrated that sea surface temperature was the most 
important environmental factors and has a positive correlation with the average resources density (r=0.972), while 
salinity and plankton did not show linear correlations. 
(2) Based on the monthly sampling in the main fishing ports such as Beihai, Basuo, Jianghong and Sanya of 
the Beibu Gulf from October 2008 to September 2009, and combined with the fishery-dependent trawl survey in 
February 2010, traditional stomach contents analysis and stable isotope analysis were used to study the prey 
category, trophic position and ontogenetic feeding habit shifts of the dorab wolf-herring, Chirocentrus dorab in 
the Beibu Gulf, South China Sea. A total of 645 (344 stomachs with contents) dorab wolf-herring, ranging in size 
from 193 mm to 782 mm in fork length, were randomly sampled through the trawl and gillnet commercial fishing. 
The results showed that the dorab wolf-herring of the Beibu Gulf was omnivorous and predated not only on the 
small pelagic fish but also on benthic fish, shrimps, crabs and squids. Pisces were the primary prey components of 
the diet with a percentage of Index of Relative Importance (%IRI) of 99.7%. Among these, 24 species were 
identified. Genera such as Bregmaceros sp., Thryssa sp., Sardinella sp. and Decapterus sp. were dominant in the 
dorab wolf-herring food constituent. The small fish, Stolephorus zollingeri, Bregmaceros rarisquamosus, 
Sardinella jussieu, Decapterus maruadsi, Stolephorus commersoni and Caranx mate, were also relatively 
important in the diet of this fish, with the weight percentages of 10.27%, 9.36%, 4.72%, 4.11%, 2.77% and 2.73%, 














revealed that the mean repletion index and vacuity coefficient varied considerably by month, while trophic 
diversity, calculated by Brillouin index Hz, proved to be relatively consistent throughout the year. The spawn peak, 
from May to August, was recognized by the female gonad somatic index (GSI). Furthermore, the peak periods 
were consistent with the water temperature of surface, 20m and 30m layers provided by France CATSAT fisheries 
remote sensing system. It can be safely concluded that as one of the pelagic fishes, dorab wolf-herring’s spawning 
and reproduction correlate with the sea surface temperature. Mean repletion index (RI) was highest (RI = 2.50%) 
at the stage of indicating that this group of dorab wolfⅤ -herring maintained strong feeding intensity during the 
reproduction periods. Meanwhile the vacuity coefficient was almost lowest (VC = 0.75%) at the stage of 
Ⅵ- indicating that the fish reverted from Stage  to StaⅡ Ⅵ ge  increasing their food input to compensate for Ⅱ
energy loss during reproduction. The 12 fork length classes demonstrated significant differences with respect to 
prey weight and prey numbers. The tendency of mean prey weight and number increased with the body size 
following with the improvement of the feeding organs and swimming ability of dorab wolf-herring. Using 
PRIMER 5.2 software, the cluster analysis, based on %IRI values for the above fork length classes, showed that 
the feeding habits of dorab wolf-herring could be classified into three groups: under 380mm, between 381 to 
530mm, and above 531mm. The absence of a significant linear correlation between the fork length and δ13C lead 
to the conclusion that dorab wolf-herring were feeding all the water layers during the major part of their 
biological life cycle. With an average value of 3.4, the trophic level of dorab wolf-herring calculated by δ15N 
varied not significantly from the fork length. It can be concluded that stable isotope analysis will play an import 
role in evaluating the fish feeding ecology and in constructing the marine food web.  
   (3) The data obtained from monthly sampling in the main fishing ports of the Beibu Gulf from October 2008 
to September 2009 and the data obtained from the fishery-dependent trawl survey in February 2010, in the Beibu 
Gulf, South China Sea were using stable isotope analysis (SIA) and stomach contents analysis to study the prey 
category, trophic position and ontogenetic feeding habit shifts of Trichiurus lepturus. The results showed that 
small pelagic fish, Decapterus maruadsi, Sardinella jussieu, Stolephorus heteroloba, benthic Bregmaceros 
rarisquamosus, and cephalopoda, Loligo chinensis, were relatively important in the diet of T. lepturus, with the 
weight percentages of 26.19%, 10.21%, 9.94%, 7.20%, and 6.07%, respectively, whereas the other prey species 
were presence in lower percentages. The δ13C signatures went from relatively low (depleted) values for pelagic 
species to high values for benthic species. As expected, D. maruadsi displayed the lowest value (-17.830‰) while 
benthic Leiognathus lineolatus displayed the highest value (-14.925‰). The absence of a significant linear 
correlation between the preanal length and δ13C leads to the conclusion that T. lepturus are feeding from all the 
water layers during the majority part of their biological life cycle. Both the average trophic level and its annual 
mean value were calculated by prey weight percentages and δ15N were 3.7. The trophic level of T. lepturus varied 
not significantly with the preanal length, despite the fact that T. margarites and T. minor increased notably in the 
same sea area. Two samples of dehydration were undertaken prior to the analytical determination of stable isotope 
ratios were tested and the results showed that vacuum freeze-drying and drying with oven at constant temperature 
had significant variance in δ15N but not in δ13C. Undoubtedly, SIA will play an import role in evaluating the fish 
feeding habits and trophic positions. At the same time, the following three key points should be taken into account: 
(1) SIA must be combined with the stomach contents analysis; (2) an appropriate baseline organism has to be 
selected and its exact trophic position should also be determined; (3) attention needs to be paid to the uncertainty 














(4) Based on the continuous one year bottom trawl seasonal sampling in the independent station of the Beibu 
Gulf from August 2010 to May 2011 , stable isotope analysis (SIA) and stomach contents analysis (SCA) were 
used to study the bait composition, feeding habits, seasonal changes of nitrogen stable isotope and ontogenetic 
trophic shifts of the Saurida tumbil in the Beibu Gulf, South China Sea. The results showed that the food of the 
Saurida tumbil from the Beibu Gulf was constituted of fifty-three kinds of food organism, such as the upper small 
pelagic fishes, cephalopoda, benthic crustacean and so on, including Trachurus japonicas, Decapterus maruadsi 
and Acropomidae ，with the weight percentages of 12.94%, 6.79%, 6.06%, whereas the other species prey were 
only present in lower percentages. The average trophic level was calculated by prey weight percentages and δ15N 
are 2.9 and 3.2, respectively. According to the 1-4 level standard Saurida tumbil was middle level carnivore with 
trophic levels from 2.9 to 3.4. Along with the body length increase, the single bait quality of Saurida tumbil also 
with increasing, but the nitrogen stable isotope’s difference was not significant between different length group. 
The same season, different sites of the same length comparison group, the study found that the food web complex 
gulf (21 ° N south) numerical than gulf mouth high, the same latitude, compared to closer to land site value is 
high. 
   (5) Based on seasonal sampling in the Beibu Gulf (Tonkin Gulf), South China Sea from August 2010 to May 
2011, biological characteristics such as growth, reproduction and ingestion of 2179 mitre squid, Uroteuthis 
chinensis were investigated. The results showed that the maximum and minimum mantle lengths of U. chinensis 
were 438 mm and 11 mm, while the corresponding body weights were 723g and 7.3g, respectively. Both mantle 
length and body weight peaked in spring. The relationship between mantle length (L, mm) and body weight (W, 
g) was W=1.431×10
－3×L2.1936 (R2=0.9237), and between mantle length (L, mm) and gutted weight (W, g) 
W=1.000×10
－3×L2.2434 (R2=0.9692). The number of females was almost equal to that of males with a sex ratio of 
1:1.01. Furthermore, no obvious seasonal change was observed. There was no stage  of gonad maturation and Ⅴ
stage  was dominant year round. The feeding intensity was low and the empty stomach rate was high Ⅰ
throughout the year. The mean trophic levels from spring to winter were 3.6, 2.7, 3.0 and 3.3 respectively. The 
results indicated considerable differences in the sampling areas. In addition, seasonal changes in catch and 
distribution were observable while biomass varied greatly. 
 (6) According to the independent bottom trawl investigation of the Beibu Gulf from year 2010 to 2011, the 
bio-structure mainly composes of fish which was identified to 273 species and subjected to 15 orders, 84 families 
and 149 genera. The cephalopods, crabs and Mantis shrimps occupied the rest weigh percentages. The weight and 
number percentages of fish were 81.24% and 95.45% respectively. The weigh ratios reduced from spring to 
winter, while the number ratios topped in summer and got lowest in winter. With the standard of IRI% larger than 
5% as dominant species, there were 7 ones such as Leiognathus lineolatus, Acropoma japonicum, Saurida tumbil, 
Evynnis cardinalis, Trachurus japonicus, Decapterus maruadsi and Leiognathus bindus. The fish community 
index (FCI) was highest in spring with the value of 12.00 and average in other seasons with the value of 8.50. The 
yearly FCI was 15.70. The fish biodiversity index (FBI) peaked in autumn with the value of 4.63, while winter, 
summer and spring were 4.56, 3.39 and 3.20 respectively. The average seasonal fish resources density was 973 
kg/km2. The minimum density was 495 kg/km2 in winter and increased to the maximum of 1835 kg/km2 in 
summer, then reduced to 871 kg/km2 in autumn. The fish resources of the north gulf was higher than the south one 














diversity index got down by years from 21.03 of 1990s to 20.74 of year 2001, and 15.70 of year 2010. The 
Guangdong Province’s motor fishing ships developed from 4 vessels (595 kw) in year 1950 to 2.4×103 vessels 
(13.1×104 kw) in year 1970, and 44.0×103 vessels (195.0×104 kw) in year 2012. The tendency of dominant species 
variation of the Beibu Gulf indicated that the higher trophic level fishes descended while the small pelagic and 
benthal fishes increased. The low age fishes percentages increased dramatically also demonstrated the declined of 
the fisheries resources of this gulf.  
 (7) Based on the independent bottom trawl investigation of the Beibu Gulf from year 2010 to 2011, the 
seasonal distribution, empty stomach percentages and feeding intensity of the main fishes which accounted for 
more than 90% of the total fish catch were studied. The numbers of samples from spring to winter were 3380, 
8840, 5127 and 5119, respectively. The epeiric sea and bottom species dominated in fish species, which made up 
78.62% and 64.22% correspondingly. The benthos, nekton and plankton occupied 41.25%, 33.41% and 15.38% of 
the fish diets, respectively. The feeding intensity of the fish peaked in summer, slowed down in autumn and 
winter, while reached the trough in spring. A total of 74 species and 693 groups of nitrogen stable isotope samples 
were analyzed and calculated the trophic levels (TLs). The δ15N of each length group in different seasons was 
similar and the corresponding TLs also varied in the same level, which designated the likewise feeding habits. 
However, there were some samples stable isotope values much higher than their preliminary stomach analysis 
results, such as Stolephorus heteroloba (4.1), Thryssa hamiltonii (4.4), Thryssa setirostris(4.4), Apogon 
uadrifasciatus and Leiognathus bindus (4.4). It needs to pay more attention to the fish diet analysis and trophic 
levels database, nitrogen stable isotope analysis and trophic levels influencing factors in the future research. 
  (8) A total of 7 species of typical pelagic and benthic fish with 3812 nonempty stomachs and 46 main fishes 
with 940 nonempty stomachs were analyzed in this research. Most of the diets were fish. The weight percentages 
of diets of fish, crustacean and cephalopod were 89.3%, 8.1% and 2.6%. Decapterus maruadsi, Bregmaceros 
rarisquamosus, Stolephorus zollingeri and Sardinella jussieu were the key species of the food web, with a whole 
weight percentage of 57.4%. The diet overlap of between the pelagic and benthic fish was considerable. As the 
main diet species, Apogon sp significant related with the other 15 species, while Leiognathus bindus significant 
related with the other 8 species. CaranxAtule kalla noteworthy related with other  species such as Terapon 
theraps, Cynoglossus cynoglossus and Upeneus sulphureus. There were notable relationships among higher 
carnivores fishes in the 48 species of main kinds. Those species such as Lagocephalus spadiceus with 14 species, 
Gastrophysus lunaris with 14 species, Pennaphia pawak with 12 species, Scomberomorus commerson with 12 
species, Pennaphia aneus with 12 species, Rastrelliger kanagurta with 12 species, Muraenesox cinereus with 10 
species and Scoliodon sorrakowah with 10 species, all demonstrated distinguished positive relations with other 
resources density. Calculated by 215 species of every seasons and fishing zones fish trophic levels, it indicated 
that the average trophic level of the Beibu Gulf was even in the different seasons. It was higher in summer and 
autumn, while lower in winter and spring. The average fish trophic levels of the gulf were 3.1, 3.2, 3.2 and 3.1 
from spring to winter. The north part of the gulf showed a little higher than the south part. The spectra analysis 
showed this index varied insignificant with the length while renowned reduced with the weight groups.  
 
Keywords: the Beibu Gulf, fish food web, carbon and nitrogen stable isotope analysis, fish community 
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模型（Generalized nonlinear model）[29]，通过鱼类食物网量化矩阵（Quantitative 
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